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Numerosity-Length Interference
A Stroop Experiment
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Abstract. The existence of a common mechanism for length and numerosity processing was tested with a Stroop task. Participants
compared the length or the numerosity of arrays of dots, for which the two variables were manipulated independently to create congruent,
incongruent, or neutral pairs. Results showed that the spatial cues strongly interfered with the processing of numerosity, whereas the
numerical cues only moderately interfered with the processing of length. These findings reflect a different mandatory processing of
numerosity and length.
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Numbers and space have long been associated. Early 20th-
century philosophers discussed the functional importance
of space for number comprehension, stressing both the vis-
ual and spatial properties of this relationship: Numerals
(i.e., conventional symbols that represent a number; Arabic
numeral: 5, verbal numeral: five, etc.) must be mentally
visualized on a spatial medium for proper use (Bergson,
1911) and their understanding requires a knowledge of
their positions relative to each other (Wertheimer, 1912).
Various concepts of mathematics and physics (e.g., straight
line, plane, space, etc.) are grounded in this spatial-numer-
ical interaction. In brain-damaged patients, calculation def-
icits and spatial disorders are frequently associated (Hartje,
1987) and temporary disturbance of the parietal cortex in-
duced by transcranial magnetic stimulation affects judg-
ments of size and number (Göbel, Walsh, & Rushworth,
2001; Bjoertomt, Cowey, & Walsh, 2002). Patients with
unilateral spatial neglect, who ignore their contralesional
hemispace, show an ipsilesional bias not only in line bisec-
tion but also when mentally bisecting numerical intervals
(e.g., giving the midpoint between 1 and 9; Zorzi, Priftis,
& Umilta, 2002), and take longer to compare numbers
smaller than a standard than numbers which are larger
(Vuilleumier, Ortigue, & Brugger, 2004). Spatial neglect
would, thus, produce representational deficits in number
processing based on position. Spatial/numerical congruity
effects are also reported in healthy adults. In various nu-
merical tasks, people respond faster to small numbers with
a left-hand key and large numbers with a right-hand key
than vice-versa (Dehaene, Bossini, & Giraux, 1993; Fias,
Brysbaert, Geypens, & d’Ydewalle, 1996; Fias, Lauwer-
eyns, & Lammertyn, 2001). If, as suggested in some cog-
nitive models, numbers are represented and processed on
an analog mental number-line on which magnitudes are or-
ganized spatially left-to-right from small to large, such

compatibility effects would reveal a natural mapping of this
continuum onto extracorporeal physical space (Dehaene,
Dehaene-Lambertz, & Cohen, 1998).

This numeral-space interaction may be partly grounded
in interactions between numerosity (i.e., the number of el-
ements in a collection) and space, as more elements usually
occupy more space. Spatial interference in numerosity
judgments is frequent in children. When two arrays with
the same number of elements have different lengths, chil-
dren up to 7–8 years of age erroneously decide that the
longer array contains more objects (Gelman, 1972; Piaget
& Szeminska, 1941; Pufall & Shaw, 1972). Although they
do not use length as a numerosity cue when there are less
than four elements, they do not consider numerosity and
length as separate dimensions when they are in conflict
(Lawson, Baron, & Siegel, 1974). In adults, length may still
affect numerosity comparisons. Indeed, with conflicting
material (e.g., more elements in the shorter array), a correct
answer requires the inhibition of schemes associated with
perceptual salience of the rows’ spatial features and leading
to the wrong perceptual intuition that numerosity and
length are positively correlated (the so-called visuo-spatial
“length-equals-numerosity” bias; Dempster, 1995; Dixon,
1978; Houdé, 1997; Houdé & Guichart, 2001; Pascual-Le-
one, 1988). Numerosity and length may interact either be-
cause they are processed simultaneously through different
representations leading to response competition when they
diverge (Dixon, 1978), or because similar processes and/or
representations are used to estimate them (Luccio & Roda-
ni, 1983; Morris & Rule, 1988; Walsh, 2003). Recent brain-
imaging studies show activations in the parietal cortex
when numerical processing is involved with symbolic (e.g.,
Arabic or verbal numerals; Pinel et al., 1999) and nonsym-
bolic discrete material (e.g., patterns of dots: Piazza, Izard,
Pinel, Le Bihan, & Dehaene, 2004; Piazza, Mechelli, But-
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terworth, & Price, 2002). The parietal cortex is known to
be involved in visuo-spatial functions, including spatial at-
tention (Gitelman et al., 1999), oculomotor planning (Cor-
betta et al., 1998), mental rotation (Kosslyn, DiGirolamo,
Thompson, & Alpert, 1998) and other coordination-trans-
formation tasks (Zacks, Rypma, Gabrieli, Tverski, & Glov-
er, 1999). This suggests representational or processing sim-
ilarities, perhaps through a numerical-spatial map built
from the dorsal stream underlying spatial attention, move-
ment perception, and object tracking (Grossberg & Repin,
2003), rather than mere response competition. It has recent-
ly been proposed that duration, space, and numerosity may
be processed within a common system of magnitude rep-
resentation (Walsh, 2003). We recently investigated the
possible interactions between duration and numerosity pro-
cessing (Dormal, Seron, & Pesenti, 2006). Comparisons of
the duration or numerosity of series of flashing dots were
tested in a Stroop design in which the two dimensions were
independently manipulated to create congruent (i.e., the se-
ries with more dots lasted longer), incongruent (i.e., the
series with less dots lasted longer), and neutral pairs (i.e.,
numerosity was fixed and the duration varied in the com-
parison of duration task, whereas the duration was fixed
and the number of dots varied in the numerosity compari-
son task). This allowed us to investigate whether and how
the temporal cues interfered with numerosity processing
and, inversely, whether and how the numerical cues inter-
fered with duration processing. Judging the duration of the
series was found to be influenced by the irrelevant numer-
ical information conveyed by the stimuli – it facilitated du-
ration processing when numerosity and duration were con-
gruent, but interfered with it when they were congruent –,
whereas the temporal cues did not interfere with numeros-
ity processing. These findings were interpreted as reflect-
ing a probable difference in the mandatory processing of
numerosity and duration.

As concerns the interaction between length and numer-
osity, most studies so far have explored the effect of length
on numerosity but not the reverse, and used stimuli for
which the size of elements and their spacing were kept con-
stant. This affects the spatial-numerical ratio leading to per-
ceptual biases (see Appendix). The extent to which numer-
osity and length really interact is, thus, not known. Here,
we used a Stroop task to assess the presence of facilita-
tion/interference effects between numerosity and length.
Participants had to compare either the numerosity or the
length of two linear arrays of dots controlled for their spa-
tial-numerical ratios. If the same mechanism underlies
length and numerosity processing, then a symmetric effect
of interference/facilitation should be observed: The com-
parison of lengths should be influenced by the number of
dots and, conversely, the comparison of numerosities
should be influenced by the lengths of the arrays. If the two

processes are independent, no interference/facilitation ef-
fect is expected. Finally, an asymmetric interference/facil-
itation effect would indicate a faster or more efficient pro-
cessing of one of the dimensions rather than of the other.

Method

Participants

A total of 36 volunteers (5 left-handed, 28 females, mean
age: 24 ± 2.7 years) participated; 18 participants completed
the numerosity comparison task and 18 completed the
length comparison task.

Tasks and Stimuli

Two tasks, a numerosity and a length comparison of two
linear arrays of dots, were used with three types of stimuli
corresponding to the independent manipulation of numer-
osity and length. In congruent pairs, the array with more
dots was the longer; in incongruent pairs, the array with
fewer dots was the longer; in neutral pairs, only the rele-
vant dimension was manipulated while the irrelevant di-
mension was kept constant across stimuli and could, thus,
neither facilitate nor interfere: The numerosity was fixed
(6 dots) but the length of the array varied in the length
comparison, whereas the length was fixed (100 mm) but
the number of dots varied in the numerosity comparison
task. For the congruent and incongruent conditions, the
same sets of stimuli were used in the two tasks.

The arrays were composed of black dots and used non-
periodic signals so that spatial ratios were not confounded
with numerosity, and density biases and pattern recognition
were avoided (see Appendix). The total length of the array
(i.e., diameters of the dots plus the interdot spacing) ranged
from 80 to 120 mm; the numerosities ranged from 5 to 9
dots (i.e., not subitisable but below 10). The diameter of
each dot (ej) and the interdot spacing (ij) varied from 2.5 to
15 mm for dots, from 2.5 to 20 mm for spacing; to avoid
pattern recognition, each series involved at least one ej and
one ij of 2.5 mm and one greater than 15 mm (Figure 1).
Pairs of arrays constituted two distances: A large distance
(3 dots for numerosity: Pair 6–9; 30 mm for length: Pair
90–120 mm) and a small distance (1 dot for numerosity:
Pair 5–6; 10 mm for length: Pair 80–90 mm)1. For each
pair, five different items were constructed with the same
characteristics. The order of presentation of the arrays
within the pairs varied: Half the pairs began with the short-
er/smaller array (S–L) and the remainder with the long-
er/larger (L–S). To avoid comparisons based only on dis-
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1 These pairs were selected because they appeared to be equally fast and accurate across tasks in a pilot study carried out on the neutral
conditions only, with four different pairs of stimuli by task (i.e., for numerosity small distance: 5–6, 8–9; large distance: 5–8, 6–9, for length
small distance: 80–90, 110–120 mm; large distance: 80–110, 90–120 mm).



tance from the edge of the screen, the leftmost dot of half
the pairs was presented 20 mm from the left edge and the
rightmost dot of the other half 20 mm from the right edge
of the screen.

Procedure

A Macintosh computer interfaced with a 17″ screen con-
trolled the stimuli presentation and data collection. The
viewing distance was approximately 50 cm. At the begin-
ning of each trial, two arrays were presented simultaneous-
ly for 500 ms, which did not allow counting, followed by
a blank screen. When the participant answered, the next
trial started. Each task was composed of two blocks of 96
randomized items; a practice block of 20 items was admin-
istered first but not analyzed.

Each participant was randomly assigned to one compar-
ison task. In the numerosity comparison task, the partici-
pants had to decide which array contained more dots by
pressing one of two keys on the numerical pad (key 1 with
the right index finger for the left array, key 3 with the right
ring finger for the right array). In the length comparison
task, they had to decide which array was longer, using the
same key presses. The instructions asked participants to
focus on one of the dimensions and did not mention the
other one.

Results

Interference and Facilitation Effects

Interference/facilitation effects were tested with an analy-
sis of variance (ANOVA) performed on the response laten-
cies (RLs) of correct answers with Task (numerosity vs.
length) as a between- and Condition (congruent, incongru-
ent vs. neutral pairs) as a within-subject variable. No sig-
nificant difference between tasks was revealed, mean RL
for numerosity:  568  ±  112 ms, length: 521 ± 75 ms;
F(1, 34) = 2.12, p = .16. This was confirmed when only the
neutral conditions from the two tasks used as baselines
were directly compared: They did not differ significantly,
neutral-numerosity: 544 ± 108 ms, neutral-length: 517 ±
74 ms; t(34) < 1. A significant main effect was found for
Condition, congruent: 527 ± 88 ms, incongruent: 576 ±
124 ms, neutral: 530 ± 92 ms; F(2, 33) = 18.72, p < .001.
Post hoc paired-sample t-tests indicated that the incongru-
ent pairs differed significantly from the congruent and
neutral pairs, respectively, t(35) = –3.834 and t(35) =
5.112, both p < .001. Condition and Task also interacted,
F(2, 33) = 8.00, p < .002. Separate ANOVAs for the two
tasks with Condition as a within-subject variable revealed
a main effect of Condition in the numerosity task,
F(2, 16) = 17.69, p < .001: The congruent and neutral pairs
were answered faster than the incongruent ones, congruent:
540 ± 103 ms, incongruent: 619 ± 139 ms, neutral: 544 ±

Figure 1. (A) Spatial attributes of the
stimuli shown on a nonperiodic array
with 6 dots and a total length of 80 mm
(l = total length; oj = length of one dot
and its adjacent spacing; ej = dot size;
ij = interdot spacing; see Appendix for
details). (B) Example of two different
stimuli composed of pairs of arrays
(one shifted toward the left or one to-
ward the right edge of the screen).
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108 ms; respectively, t(17) = –4.392 and t(17) = 5.972,
both p < .001. This pattern of results was observed in 15
out of the 18 participants. In the length task, no significant
difference was observed among conditions, congruent:
515 ± 71 ms, incongruent: 532 ± 93 ms, neutral: 517 ±
74 ms; F(2, 16) = 1.88, p = .18 (Figure 2).

To ensure that the nonsignificant tendency for the length
judgment to be slightly faster did not mask a possible
(in)congruency effect of numerosity, a complementary
analysis was carried out on the length task. Specific task-
related processing was tested with a median split analysis
performed in each within-subject cell separating the four
fastest and the four slowest trials (MacCallum, Zhang,
Preacher, & Rucker, 2002). An ANOVA showed no Trial
Speed ×Condition interaction, F(2, 16) = 2.412, p = .12.
These analyses, thus, confirmed the absence of a significant
effect of numerosity on the length judgment, whatever the
speed of processing.

An ANOVA on error rates revealed no differences be-
tween Tasks, mean percentage of errors for numerosity:
13.7 ± 7.1, length: 13.0 ± 4.6; F(1,34) < 1, but a main effect
of Condition, congruent: 8.1 ± 5.1, incongruent: 17.9 ±
11.7, neutral: 14.0 ± 8.4; F(2, 33) = 14.374, p < .001, and
an interaction between Task and Condition, F(2, 33) =
5.383, p < .01: The three conditions differed in the numer-
osity task, congruent: 5.4 ± 2.9, incongruent: 21.9 ± 14.0,
neutral: 13.7 ± 9.5; F(2, 16) = 12.702, p < .001, but not in
the length task, congruent: 10.7 ± 5.4, incongruent: 13.8 ±
7.0, neutral: 14.4 ± 7.5; F(2, 16) = 2.547, p = .110. In the
numerosity task, all pairs of conditions differed, congruent-
incongruent: t(17) = –4.935, p < 0.001; congruent-neutral:

t(17) = –3.906, p < .02; incongruent-neutral: t(17) = 2.833,
p < .02 (Figure 2). This pattern of results was observed in
12 out of the 18 participants.

Relevant and Irrelevant Distance Effects

Distance effects were tested by restricting analyses to the
congruent and incongruent conditions2, with the relevant
distance as that of the dimension to be explicitly processed
(i.e., the numerical distance in the numerosity comparison
and the length distance in the length comparison) and the
irrelevant distance as that of the dimension not to be pro-
cessed (i.e., the length distance in the numerosity compar-
ison and the numerical distance in the length comparison).

An ANOVA was performed on the RLs with Task (nu-
merosity vs. length) as a between-, and Condition (congru-
ent vs. incongruent), Relevant distance (large vs. small),
and Irrelevant distance (large vs. small) as within-subject
variables3. Condition had a significant main effect,
F(1, 34) = 17.23, p < .001, and interacted with Task,
F(1, 34) = 7.02, p < .02: Responses were faster for congru-
ent pairs than for incongruent ones in the numerosity but
not in the length task (see above). A main effect was found
for Relevant distance, responses being faster for large dis-
tances than for small ones, mean RL for large distances:
481 ± 91 ms, small distances: 622 ± 122 ms; F(1, 34) =
133.45, p < .001. Condition interacted with Relevant dis-
tance, the distance effect being slightly stronger in the in-
congruent condition, F(1, 34) = 6.22, p < .02. It also inter-
acted with Irrelevant distance, F(1, 34) = 42.67, p < .001:

Figure 2. Mean percentage of errors and response latency in ms for length and numerosity tasks as a function of condition
(congruent, incongruent, and neutral). Errors bars indicate the standard errors of the mean.
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2 The neutral condition was not included as it did not involve all the distance levels.
3 In a separate analysis, the order of presentation of the arrays (S-L vs. L-S) was introduced as a supplementary within-subject variable. Order

had no main effect, RLs: F(1, 34) < 1; errors: F(1, 34) = 2.44, p = .13; it was involved in some interactions but, as it never affected the
direction of the main effects of the other variables, it was not included in this analysis.



Responses were faster to the large distance than to the small
distance in the congruent condition, t(35) = –6.15, p <
.0001, whereas the opposite was true in the incongruent
condition, t(35) = 4.36, p < .0001; the small congruent and
incongruent distances did not differ, t(35) < 1. Moreover,
Relevant and Irrelevant distances interacted, F(1, 34) =
5.17, p < .03: There was no difference between large and
small irrelevant distances when the relevant distance was
large, but responses to the large irrelevant distance were
marginally faster than to the small one when the relevant
distance was small. Finally, a significant three-way inter-
action between Condition, Relevant distance, and Irrele-
vant distance was observed, F(1, 34) = 6.66, p < .02. In the
congruent conditions, responses were faster for the large
irrelevant distance than for the small one, especially when
the relevant distance was small. In the incongruent condi-
tions, responses to the large irrelevant distance were slower
than responses to the small irrelevant difference, whatever
relevant distance was presented (Figure 3). The other main
effect and interactions were not significant.

For errors, the same ANOVA revealed main effects for
Condition, F(1, 34) = 23.51, p < .001, Relevant distance,
large distance: 3.5 ± 4.8, small distance: 22.5 ± 8.4;
F(1, 34) = 266.23, p < .001, and Irrelevant distance, large
distance: 14.5 ± 6.9, small distance: 11.4 ± 6.2; F(1, 34) =
10.71, p < 0.003. Condition and Task interacted, F(1, 34) =
11.06, p < .003: The congruent condition produced fewer
errors than the incongruent one in the numerosity task but
not in the length task (see above). There was also a signif-
icant interaction between Condition and Relevant distance,
F(1, 34) = 22.16, p < .001, and a marginally significant
three-way interaction between Condition, Relevant dis-
tance, and Task, F(1, 34) = 3.49, p < .08: The relevant dis-
tance effect was slightly stronger in the incongruent condi-

tion, especially in the numerosity comparison task. An in-
teraction between Condition and Irrelevant distance was
observed, F(1, 34) = 47.97, p < .001: In the congruent con-
dition, participants made more errors when the distance
was small whereas the opposite was true in the incongruent
condition. Moreover, a significant three-way interaction
between Condition, Relevant distance, and Irrelevant dis-
tance was found, F(1, 34) = 28.16, p < .001. In the congru-
ent condition, there was a significant difference between
large and small irrelevant distances when the relevant dis-
tance was small (more errors on small irrelevant distances
than on large ones), whereas no such difference was found
when the relevant distance was large. In the incongruent
condition, for both large and small relevant distances, par-
ticipants made more errors for large than for small irrele-
vant distances. In these interactions the patterns were sim-
ilar to those observed for latencies. Finally, a marginally
significant three-way interaction between Condition, Irrel-
evant distance, and Task was found, F(1, 34) = 4.00, p <
.06: In both tasks, participants made more errors in the in-
congruent conditions than in the congruent condition, ex-
cept that there was no difference on the length task when
the irrelevant distance was small.

Discussion

Interference/Facilitation and Distance
Effects

In the numerosity comparison task, there was a clear inter-
ference effect of length on latencies (incongruent, respec-
tively, 75 ms and 79 ms slower than neutral and congruent),

Congruent Incongruent

Large Small Large Small

Relevant Distance

Figure 3. Response latency in ms for congruent and incongruent conditions as a function of the relevant and irrelevant
distances (small vs. large). Errors bars indicate the standard errors of the mean.
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and both facilitation and interference effects on error rates
(respectively, fewer and more errors in the congruent and
incongruent than in the neutral conditions). There was also
an effect of the irrelevant length distance on the numerosity
judgment. In the length comparison task, there was no sig-
nificant difference between conditions (incongruent, re-
spectively, 15 and 17 ms slower than neutral and congru-
ent). However, a large irrelevant distance facilitated judg-
ments in the congruent conditions, especially when the
relevant distance was small and, thus, presumably less ef-
ficient for the judgment, and interfered with it in the incon-
gruent condition. Thus, decreasing the relevant distance in-
creased the opportunity for the irrelevant information to
influence the processing of the relevant one (Schwarz &
Ischebeck, 2003). This was true in both tasks, suggesting
that numerosity influenced the length judgment. Since the
interaction between conditions and the irrelevant distance
turned out to stem from the large irrelevant distance only,
the (in)congruence effect was totally the result of the large
irrelevant distance. A main effect of relevant distance was
observed in both tasks (the closer the numerosities, the
slower and the more error-prone were the numerosity com-
parisons; the closer the lengths, the slower and the more
error-prone were the length comparisons) showing that the
participants actually performed the comparisons using the
appropriate dimension (i.e., numerosity in the numerosity
comparison, length in the length comparison4), and that the
results cannot be reduced to a mere response facilita-
tion/competition effect. Finally, the judgments on numer-
osity and length being equally fast and accurate in the neu-
tral conditions considered as baselines, the observed differ-
ences are not related to differences in the attentional
demands or difficulty of the relevant tasks alone. For this
reason, they cannot be accounted for by differences in the
relative speed of processing the two dimensions either.
Such processing differences are commonly invoked to ac-
count for Stroop-like phenomena: Interferences would
emerge from a race in processing the relevant and irrelevant
dimension when the irrelevant one is processed faster and,
thus, “wins the race” (Dyer, 1973). Although relative speed
models are well fitted to explain asymmetric interferences,
the present results argue against such models (for a similar
view, see Tzelgov, Meyer, & Henik, 1992). First, “horse
race” models attribute the existence and the magnitude of
Stroop-like effects solely to the relative speed difference
between the two processes. Yet, here, there was no reliable
statistical difference in the latencies between the two tasks
in the neutral conditions. Secondly, these models predict an
interference of the fastest processed dimension on the slow-

est one, but not the reverse. Yet, here, although there was
no global effect of numerosity, we also found a moderate
effect of the numerosity cues on the length judgment
through the irrelevant numerical distance effect. Thus, the
slowest processed dimension (again, bearing in mind that
this difference was not statistically present) interacted with
the other one. Therefore, the question is: How can such an
asymmetry be explained?

Mandatory Processing of Length and
Numerosity but not Duration?

We investigated the relationship between numerosity and
length processing with a Stroop design and tested whether
processing these dimensions involved the same mecha-
nisms. As overall performance did not differ across tasks,
the asymmetrical interference effect may reflect a differ-
ence in the processing of length and numerosity: Whereas
length processing appears to take place automatically, nu-
merosity processing appears not automatic enough to gen-
erate strong interference but only a weak one. This extends
the results of a similar Stroop experiment where partici-
pants had to compare the duration or numerosity of series
of flashing dots with congruent, incongruent, and neutral
pairs (Dormal et al., 2006). The numerical cues interfered
with duration processing (facilitating duration processing
when numerosity and duration were congruent, but inter-
fering with it when they were incongruent), whereas dura-
tion cues did not affect numerosity processing. The ob-
served asymmetries in interference do not allow us to draw
firm conclusions about a possible common mechanism for
length, numerosity, and duration processing as recently
postulated (Walsh, 2003). However, taken together, these
two studies do suggest at least a continuum of automaticity
in processing length, numerosity, and duration, from the
most to the least automatic. Such a continuum of automa-
ticity has already been proposed to account for asymme-
tries in Stroop-like effects without resorting to relative
speed differences in processing the relevant and irrelevant
attributes (Kahneman & Chajczyk, 1983; MacLeod &
Dunbar, 1988; Tzelgov et al., 1992).

Automaticity may not be an all-or-none phenomenon but
rather a matter of degree, and may vary continuously based
on strength of processing (which may, for example, depend
on practice and even be subject to attentional control; Cohen,
Dunbar, & McClelland, 1990). A more automatic processing
interferes with a less automatic one but it isnot interfered with
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4 As shown in the Appendix, length, dots perimeter, and surface were highly positively correlated and could not be disentangled in our set of
stimuli. Participants may, thus, have strategically used one of these dimensions instead of length in their length judgments. Length, perimeter,
and surface being different aspects of space, our results, thus, hold for length taken as an instance of space processing at large. The critical
point is that the moderate correlations between numerosity and these dimensions cannot account for the present pattern of results: Were the
participants to use surface instead of numerosity, no relevant numerical distance effect should have been observed since it was unconfounded
with surface distance (see Appendix). Thus, the observed relevant numerical distance effect ensures that the participants did not use surface.
Finally, perimeter and length being virtually totally confounded, the numerosity-length controls also held for numerosity-perimeter relation-
ships.



by it. In the present context, that is, in the range of selected
lengths, numerosities, and durations, length would, thus, be
the most and duration the least automatically processed di-
mension, leading to the specific pattern of observed asymme-
tries across the present numerosity-length experiment and the
previous numerosity-duration one (Dormal et al., 2006). This
proposal should now be tested with stimuli using all three
dimensions simultaneously.
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Appendix: Control of Spatial and Pattern Ratios

In numerosity-duration discrimination tasks, the use of pe-
riodic signals (i.e., signals with constant event-interval du-
rations) introduces two biases (Breukelaar & Dalrymple-
Alford, 1998). First, discrimination may rely on uncon-
trolled temporal attributes confounded with numerosity:
When a fixed number of identical events occur periodical-
ly, temporal ratios covary with the number of events even
when duration and numerosity are unconfounded by hold-
ing one constant. Second, when only a few sequence pat-
terns are used, participants may respond by matching a sig-
nal to a standard stored in memory.

Similarly, in numerosity-length judgments, the total
length and the number of dots correlate when periodic dots
and interdot spacing are used. Indeed, when a fixed number
of identical dots are presented with the same spacing, the
ratios of the length of one dot and its adjacent spacing (oj),
dot size (ej), and interdot spacing (ij) to the total length (l)
remain constant (respectively, oj:l, ej:l, and ij:l; see Figure
1A). Pattern recognition may also help in making judg-
ments. The solution to both problems is to use unique non-
periodic signals: In every trial, the spatial pattern for each
numerosity-or length-relevant signal is pseudorandomly
generated by adjusting the oj’s, ej’s, and ij’s. The ratio de-
viation score (DS ratio) provides a measure of deviation in
the oj:l ratio, and the pattern deviation score (DS pattern)
provides a measure of deviation in signal patterns. Both
scores can be derived from the formula

DS = √⎯⎯⎯⎯⎯∑
j=1

j=n

(D−dj)2 . [1]

For the DS ratio, D is the total length divided by the num-
ber of dots (i.e., the length of one dot and the following
spacing of the corresponding periodic signal), dj is the ac-
tual length of each dot plus its following spacing, and n is
the number of dots. For the DS pattern, D is the constant
dot or interdot spacing length of the corresponding periodic
signal, dj is the current dot or interdot spacing length where
j is odd for dots and even for interdots spacing, and n is the
total number of dots and spacing.

For example, say a signal is composed of six dots and
six interdot spacings for a total length l of 80 mm (see Fig-
ure 1A): dot size(e)1 = 5 mm, interdot spacing(i)1 = 6 mm,
e2 = 2.5 mm, i2 = 4 mm, e3 = 15 mm, i3 = 2.5 mm, e4 =
4 mm, i4 = 20 mm, e5 = 9.5 mm, i5 = 5 mm, e6 = 4 mm,
and i6 = 2.5 mm. The ratios are derived from [1] as follows:

n: 6;
D (ratio): (80/6) = 13.3 (rounded);
D (pattern): (80/12) = 6.7 (rounded);
DS ratio:
= √⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯(13.3−(5+65))2 + (13.3−(2.5+4))2 + (13.3−(15+2.5))2 +

(13.3−(4+20))2 + (13.3−(9.5+5))2 + (13.3−(4+2.5))2

= 15.2; DS pattern:
√⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯(6.7−5)2 + (6.7−6)2 + (6.7−2.5)2 +. . . +(6.7−2.5)2

= 18.3.

For a periodic signal of the same total length (l = 80 mm)
with six equally sized and spaced dots (ej = 6.7 mm and
ij = 6.7 mm), both DS ratio and DS pattern would be equal
to 0. Note that this is true for any other combination of ej
and ij with (ej + ij = l/n). With nonperiodic signals, the
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more distant from 0 the ratios are, the lower the pattern
regularity. Determining precisely the maximum DS ratio
for a given series is computationally complex because of
the large number of combinations of ej and ij values to test.
In a simulation with a series of five dots and a length of
80 mm and with the constraints used to create the stimuli
(i.e., maximum and minimum ej and ij, fixed final ij; see
Method for details), the maximum DS ratio found was 28.4.
This, however, occasionally produced some groupings
among the dots that could have potentially led to subitizing.
Therefore, the items used were qualitatively screened to
exclude such series. With the selected parameters and this
qualitative screening, the mean DS ratio for the five items
of each category for all series varied between 14.5 and
18.7; the DS pattern was always above 17.5; moreover, the
two arrays of each item had the same DS ratio. Finally, the
numerosity-length correlation was 0 in the neutral condi-

tion, 0.67 in the congruent, and –0.47 in the incongruent
conditions.

Note that controlling the numerosity-length ratios does
not result in controlling other parameters such as surface
and dots perimeter. With the set of stimuli used, length and
perimeter were totally positively correlated (r = 1); length
and surface were highly positively correlated (r = .98, .95
and .99 for congruent, incongruent, and neutral, respective-
ly). Numerosity and surface were correlated positively for
congruent (r = .53), and negatively for incongruent (r =
.66) and neutral (r = –.97) stimuli. However, it is worth
noting that, despite these correlations, the stimuli were
equilibrated as a function of the distances of numerosity
and surface: Half of the small and large numerical distances
were associated with small surface distances (i.e., from 0
to 79 mm2) and the other half with large surface distances
(i.e., from 82 to 230 mm2).

V. Dormal & M. Pesenti: Numerosity-Length Interference 9

© 2007 Hogrefe & Huber Publishers Experimental Psychology 2007; Vol. 54(3):xxx–xxx



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 50
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [595.276 841.890]
>> setpagedevice




